Investigation of the metabolism of connective tissue acid mucopolysaccharides in normal and abnormal states has been hampered by a lack of practical analytical methods. Reported methods for measuring tissue acid mucopolysaccharides involve multiple steps of enzyme digestion and precipitation (1, frigeration at 40 C. for one hour to allow the precipitate to flocculate, the tubes were centrifuged at 2,000 rpm for 20 minutes. 4. Ten ml. of each supernatant solution was dialyzed overnight against running cold tap water to remove the perchloric acid and salts.
Investigation of the metabolism of connective tissue acid mucopolysaccharides in normal and abnormal states has been hampered by a lack of practical analytical methods. Reported methods for measuring tissue acid mucopolysaccharides involve multiple steps of enzyme digestion and precipitation (1, 2) , with consequent risk of loss of material as well as poor adaptability for multiple analyses. This report describes a less complex procedure which gives reproducible results and good recovery of test material. Values are given for the acid mucopolysaccharide content of human dermis, subcutaneous tissue, aorta and thyroid gland, using both orcinol and carbazole reactions for uronic acid. Chromatographic and electrophoretic studies of the polysaccharides found and determination of the proportion digested by testicular hyaluronidase are also reported.
METHODS
Defatting and drying. Fresh or frozen tissue samples of 2 grams or less, cut into pieces about 2 mm. in diameter, were placed in 100 ml. of acetone on a wrist-action mechanical shaker for one hour. This was followed by additional one hour extractions with two 50 ml. quantities of acetone, and two 50 ml. quantities of diethyl ether. The tissue was then lyophilized overnight and stored in a desiccator.
Determination of total acid nzucopolysaccharide content. 1 . Weighed aliquots (75 to 200 mg.) of dried defatted tissue were extracted in 50 ml. of 0.5 N NaOH in a Waring blendor for 45 minutes in a cold room. The extraction procedure was stopped every 10 minutes to allow cooling of the container in an ice bath. The residual tissue was removed by centrifugation.
2. Ten ml. aliquots of the extract were placed in centrifuge tubes and brought to near neutrality by the addition of 0.5 ml. of 8 frigeration at 40 C. for one hour to allow the precipitate to flocculate, the tubes were centrifuged at 2,000 rpm for 20 minutes. 4. Ten ml. of each supernatant solution was dialyzed overnight against running cold tap water to remove the perchloric acid and salts.
5. The dialysis bags were emptied quantitatively and washed with water; 0.2 ml. of 1 per cent protamine sulfate was then added to each. After refrigeration for onehalf hour at 4°C., they were spun in a Servall SS-1 angle centrifuge at approximately 3,000 rpm for 30 minutes.
6. The precipitate was dissolved in 2.2 ml. of 2 M acetate buffer of pH 5.0 and duplicate 1.0 ml. aliquots were taken for determination of uronic acid by the carbazole method of Dische (3), with slight modification as previously reported (4).
7. Using orcinol, a combined uronic acid and hexose determination was done on a second 10 ml. aliquot of each original extract, processed in similar fashion up to step 6, and dissolved in the same buffer. The procedure of Brown (5) was followed; optical densities were read at 520 mu and 670 m/A. An equimolar mixture of galactose and mannose was used as standard solution in addition to glucuronolactone, and calculations were done algebraically, based on the amount of color contributed by each type of sugar at the two wave lengths read.
Effect of incubation with testicular hyaltronidase. A 25 ml. aliquot of each original NaOH extract, in a 40 ml. centrifuge tube, was brought to near neutrality by the addition of 1.3 ml. of 8.75 M acetic acid. Proteins were removed by centrifugation at approximately 2,000 rpm for 20 minutes after the addition of 1.7 ml. of 60 per cent perchloric acid, and refrigeration at 40 C. for 30 minutes. Twenty-five ml. of the supernatant solution was dialyzed overnight against running cold tap water. The solution was transferred quantitatively and the volume brought to exactly 31 ml. with water. Two aliquots of 10 ml. were taken, and buffer was added to a final concentration of 1.0 M acetate, pH 6.0, and 0.15 M NaCl. Approximately 30 turbidity reducing units (TRU) 3 4 Hexosamine determinations. These were done following hydrolysis in 2 N HCl at 100°C. for 15 hours; the HCl was then rapidly evaculated with a vacuum pump. The method of Boas (8) was then followed.
Chromatographic and electrophoretic studies. Aliquots of the 0.5 N NaOH extract were processed through step 4 as above; the dialyzed solutions were then lyophilized to dryness. The residue was dissolved in a small quantity of water and chromatographed on S and S 598 filter paper, descending, using the buffered ethanol and propanol solvent systems and staining procedure previously reported (4) . Electrophoresis was performed in a horizontal vapor-chamber apparatus, using 0.05 M acetate buffer of pH 4.2 at 400 volts for 3 hours. Papers were oven dried, fixed and stained in the same fashion as the chromatograms. Standards used included chondroitin sulfate from bovine nasal cartilage, hyaluronate from human synovial fluid and cock's comb, and heparin from commercial sources.
RESULTS
Completeness of extraction of acid mucopolysaccharides, as estimated by determination of hexosamine remaining in the tissue fragments after NaOH treatment, exceeded 95 per cent.
Recovery of chondroitin sulfate added to 50 ml. of 0.5 N NaOH in a Waring blendor and carried through the entire method averaged 92.1 per cent (Table I) . When the chondroitin sulfate was exposed to the NaOH for longer than one hour, recoveries tended to be lower. Acetic acid was added, therefore, as soon as the extraction could be considered complete. A drop of phenolphthalein was useful to insure that the pH of the solution was kept on the alkaline side of neutrality, to prevent precipitation of mucopolysaccharide.
acid were added to the entire 50 ml. of extract before removal from the Waring blendor. After 30 minutes at 40 C., the tissue residue and precipitate were removed by centrifugation. The supernatant solution was divided into 4 aliquots of 10 ml., which were dialyzed and then processed as described above from step 5. Segments of lower thoracic aorta were obtained which were free of more than minimal gross atherosclerosis. The acid mucopolysaccharide content of these aortas are reported in Table IV. Thyroid glands were obtained at autopsy and following surgical removal. The acid mucopolysaccharide levels obtained are reported in Table V. Qualitative studies. To establish the mucopolysaccharide nature of the uronic acid found, the ratio of hexosamine to uronic acid (carbazole method) in the final protamine precipitate was determined for each tissue. Almost all of the ratios fell between 0.7 and 1.2. averaging approximately one for each of the tissues studied.
Between one-third and two-thirds of the acid mucopolysaccharide present in the extracts of the tissues studied was found to be digested by testicular hyaluronidase (Tables II and through V) . Electrophoresis of extracts of the four tissues studied revealed two components which stained metachromatically with toluidine blue. The faster component had the same mobility as control samples of chondroitin sulfate and heparin; these compounds were not separated by this technique. The slower component had the same mobility as control samples of hyaluronate.
In order to determine whether two or three components were present, pyridine and ammonium sulfate were used to precipitate the hyaluronatelike component in each extract, following the method of Jeanloz and Forchielli (9). The pellicle which separated at the interface had the chromatographic characteristics of hyaluronate. The aqueous phase was found to be free of hyaluronatelike material in the propanol system (Table VI,  A) , but still contained two components in the ethanol system. One of the components remaining in the aqueous phase had the mobility of heparin and the other moved like chondroitin sulfate (Table VI, B).
DISCUSSION
The method described permits a reasonably reliable determination of the quantity of acid. mucopolysaccharide present in tissue samples. The levels found are significantly higher than those previously reported for skin (1) and aorta (2) . The ratio of hexosamine to uronic acid in the final precipitate obtained from the extracts of all four tissues was usually close to the theoretical ratio of 1.0, establishing that the material found is mucopolysaccharide and of sufficient purity for quantitative studies. Additional evidence of the nature of the material measured included the digestion of a portion of the extract of each tissue by testicular hyaluronidase, the paper chromatographic and electrophoretic mobilities of the compounds present, and their metachromatic staining with toluidine blue. (10) . The ratio of carbazole to orcinol values for a sample of chondroitin sulfate B was found to be 0.5, which is similar to previous reports (11) . Since glucuronic acid was the standard used in all determinations, the presence of chondroitin sulfate B in tissue extracts in sufficient quantity would produce carbazole to orcinol ratios of less than one. The ratio would be lowered by incubation with hyaluronidase, since material with a higher ratio would be digested leaving the hyaluronidaseresistant chondroitin sulfate B in higher relative concentration. Chondroitin sulfate B has been reported to be the major mucopolysaccharide component of pigskin and bullhide (12) . The finding of an average ratio of 0.76, falling to 0.52 after hyaluronidase treatment, indicates the presence of chondroitin sulfate B as a major component of the acid mucopolysaccharide in human dermis. The carbazole to orcinol ratio of 1.5 found in aorta may be due to the presence of compounds such as heparitin sulfate, recently described by Meyer, Hoffman, and Linker, and found to be present in aorta in considerable concentration. This compound was reported to have a carbazole to orcinol ratio around 2.0 (13).
The presence of acid mucopolysaccharide in thyroid tissue has been suggested by its very high hexosamine content (8) , histochemical observations (14) , and the finding of a fall in the viscosity of colloid following exposure to hyaluronidase (15) . Boas 
